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Abstract 
In this study, we investigated an unsteady MHD flow between parallel plates in the presence of viscous dissipation. 
The transformed governing equations are solved numerically using bvp5c Matlab package. The impact of different 
non-dimensional parameters on velocity and temperature profiles along with the local Nusselt number is discussed 
graphically. It is observed that the Nusselt number is a decreasing function of the radiation parameter and 
Hartmann number but it is an increasing function of squeeze number and Eckert number. 
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Introduction 
There is a considerable interest among recent researchers in the field of non-Newtonian fluids is applied in many 
situations in industry such as processing of materials and chemical engineering.  The influence of radiation, heat 
generation and viscous dissipation on magnetohydrodynamic  on the laminar boundary layer flow for the flat-plate 
in a uniform stream of fluid and about a moving plate in a quiescent ambient fluid  both under a convective surface 
boundary condition was studied by Gangadhar [1]. The study of hydromagnetic flow of a viscous incompressible 
fluid past an oscillating vertical plate embedded in a porous medium with radiation, viscous dissipation and 
variable heat and mass diffusion was analyzed by Kishore et al. [2]. An unsteady magnetohydrodynamic laminar 
free convective boundary layer flow of an incompressible Newtonian electrically conducting and radiating fluid 
past an infinite heated vertical porous plate with heat and mass transfer was analyzed by Ramachandra and Bhaskar 
Reddy [3]. The effects of radiation on an unsteady magnetohydrodynamic convective flow through a semi-infinite 
vertical permeable moving plate embedded in a porous medium with viscous dissipation was stated by Murali et 
al.[4]. The effect of viscous dissipation and radiative heat transfer in nanofluid with the influence of magnetic field 
over a rotating stretching surface has been investigated by Wahiduzzaman et al. [5]. The influence of inclined 
magnetic field and radiation on unsteady magnetohydrodynamic convective flow through an moving vertical plate 
in a porous media was analyzed by Sandeep and Sugunamma [6].Gopi and Jat [7] was stated the effects of radiation 
and viscous dissipation on MHD through an unsteady stretching surface in the presence of uniform magnetic field 
in the porous medium. The study of viscous dissipation and thermal radiation on the stagnation point flow of 
viscous fluid induced by an exponentially stretching surface was discussed by Iqbal et al. [8].The effects of 
magnetohydrodynamic free convection flow of heat and mass transfer of non-Newtonian fluids along a stretching 
surface with viscous dissipation has been analyzed by Saha and Samad [9]. The heat transfer characteristics of a 
viscous Casson thin film flow over an unsteady stretching surface subjected to variable heat flux in the presence 
of slip velocity condition and viscous dissipation was stated by Megahed [10]. The study of magnetohydrodynamic 
boundary layer flow of heat transfer through viscoelastic fluid flow over a stretching surface with radiation was 
studied by Abel and Begaum [11]. Srinivas et al. [12] was investigated the effects of thermal diffusion on 
magnetohydrodynamic flow of viscous fluid rotating porous medium with viscous dissipation. The effects of 
viscous dissipation and chemical radiation on magnetohydrodynamic convection flow was experimented by Das 
et al. [13]. The influence of radiation on magnetohydrodynamic convection from a cylinder with partial slip in a 
Casson fluid in porous medium was investigated by Makanda et al. [14]. Heat transfer analysis is carried out in 
the presence of radiation and a viscous dissipation effect has been studied by Hayat et al. [15]. The Effects of 
radiation absorption and chemical reaction on MHD free convection heat transfer flow over a vertical plate was 
discussed by Sandeep et al. [16].  The study of magnetohydrodynamic convection flow an infinite vertical plate 
embedded in a porous media with viscous dissipation was analyzed by Siva and Srinivasa [17]. Heat transfer 
through micro tubes is conducted using slip velocity and temperature viscous dissipation and axial conduction has 
been studied by Loussifa and Jamel [18]. Mohan Krishna et al. [19] discussed an unsteady natural convective flow 
of nanofluid past an infinite vertical plate in presence of radiation effects. Chamka and Issa [20] studied 
thermophoresis effects of the MHD flow over flat plate with heat source/ sink. 
 
Mathematical Formulation 
Consider an unsteady two-dimensional flow of Casson fluid between the infinite parallel plates. The two plates 
are located at 
1
2(1 ) ( ) .t h tγ− =l when 0γ <  the two plates are separated and for 0γ > , the two plates are 
squeezed. The generation of heat because of friction induced by shear in the flow and the viscous dissipation effect 
are retained. Thermal radiation is taken into account. 
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The governing equations for unsteady two-dimensional Casson fluid flow are given by 
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The corresponding boundary conditions are  
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To convert the governing equations into a set of nonlinear ordinary differential equations, we introduce the 
following similarity transformations: 
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     (6) 
Substituting (6) into (2) and (3) and then eradicating the pressure gradient from the resulting equations, we get the 
following nonlinear ordinary differential equation: 
( )(1 1 / ) ''' 2 '' ' '' '''  '' 0IVf S f f f f ff Ha fβ η+ − + + − − =
   (7) 
Substituting (6) into (4), we get the following nonlinear ordinary differential equations: 
Substituting (6) into (4), we get the following nonlinear ordinary differential equations: 
( ) 21 '' Pr ( ' ') P r (1 1 / ) '' 0,Ra S f Ec fθ θ ηθ β+ + − + + =
 (8) 
The transformed boundary conditions are 
( 0 ) 0 , ( 0 ) 0 , ( 0 ) 0 ,
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f f
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Here ,  P r ,  ,  ,  S E c H a  are defined as: 
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Nusselt number Nu is given by  
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By using (7), (13) becomes 
* 1 (1)N u t N uγ θ ′= − = −
             (12) 
 
Results and Discussion 
Equations (7) and (8) with respect to the boundary conditions (9) are solved numerically using bvp5c Matlab 
package. The results depict the effects of the non-dimensional parameters on the velocity and temperature profiles 
for both Newtonian and non-Newtonian fluids. In present paper, we have taken the values of non-dimensional 
parameters as 0 .5 , 1, 1, P r 3 , 0 .5 ,S H a R a E c= = = = = . These measures are preserved as fixed except the 
varied parameters as demonstrated in the respective figures. 
Figs. 1-3 show the velocity, temperature and Nusselt number profiles for different values of Squeeze 
number(S). It observed from the figures that the velocity and temperature profiles of the flow are reduced by 
increasing values of the Squeeze numbers and increasing the Squeezing number enhances the Nusselt number 
profiles. 
Figs. 4-6 display the influence of radiation parameter (Ra) on temperature, concentration and Nusselt number 
profiles. It noticed that an increase in the radiation parameter contributes to the decrease in the temperature and 
Nusselt number profiles and increase the radiation parameter enhances the concentration profiles. Generally, an 
increase in radiation parameter releases the heat energy to the flow, these causes to develop the thermal boundary 
layer thickness. 
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The influence of viscous dissipation parameter (Ec) on temperature, concentration and Nusselt number 
profiles are shown in Figs.7-9. It is clear that increasing the value of Eckert number enhances the temperature and 
Nusselt number profiles and increasing the value of Eckert number declined in concentration profiles.  This is due 
to the fact that an increase in the dissipation causes to improve the thermal conductivity of the flow. This helps to 
enhance the thermal boundary layer thickness. 
 
Fig. 1 Velocity profiles for various values of S                     Fig. 2 Temperature profiles for various values of S  
 
 
Fig. 3 Nusselt number profiles for various values of S          Fig. 4 Temperature profiles for various values of Ra  
 
     
Fig. 5 Concentration profiles for various values of Ra  Fig. 6 Nusselt number profiles for various values of Ra  
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Fig. 7 Temperature profiles for various values of Ec    Fig. 8 Concentration profiles for various values of Ec  
 
Fig. 9 Nusselt number profiles for various values of Ec  
 
Conclusions 
This study presented an unsteady MHD flow between parallel plates in the presence of viscous dissipation. The 
transformed governing equations are solved numerically using bvp5c Matlab package. The impact of different 
non-dimensional parameters on velocity and temperature profiles along with the local Nusselt number is discussed 
graphically. It is observed that the Nusselt number is a decreasing function of the radiation parameter and 
Hartmann number but it is an increasing function of squeeze number and Eckert number. The conclusions of the 
present study are made as follows: 
• Squeeze number have tendency to decrease both the velocity and temperature profiles. 
• An increase in the radiation parameter enhances the concentration profiles. 
• An increase in the dissipation parameter enhances the friction factor and thermal boundary layer thickness. 
References 
[1] K.Gangadhar, “Radiation, Heat generation and Viscous dissipation effects on MHD boundary layer flow for 
the blasius and sakiadis flowswithaconvectivesurface boundary condition”, Journal of Applied fluid 
mechanics, vol.8, No.3, pp.559-570, 2014. 
[2]  P.M.Kishore, V.Rajesh and S. Vijayakumar Verma, “The effects of thermal radiation and viscous dissipation 
on MHD heat and mass diffusion flow past an oscillating vertical plate embedded in a porous medium with 
variable surface conditions”, Theoret.App.Mech.., vol.39,No.2, pp.99-125, 2012. 
[3]  V.Ramachandra Prasad and N. Bhaskar Reddy, “ radiation and mass transfer effects on an unsteady MHD free 
convection flow past a heated vertical plate in a porous medium with viscous dissipation”, 
Theoret.Appl.Mech., vol.34, No.2, pp.135-160, 2007. 
[4]  G.Murali, S.Sivaiah, P.Ajit and M. Chenna Krishna Reddy, “Radiation effects on an unsteady MHD convective 
flow past a semi-infinite vertical permeable moving plate embedded in a porous medium with viscous 
dissipation”, Walailak Journal of Science and Technology, vol.10,No.5, pp.499-515, 2013. 
[5] M.Wahiduzzaman, M. Shakhaoath Khan, P.Biswas, I. Karim, and M.S. Uddin, “Viscous dissipation and 
radiation effects on MHD Boundary layer flow of a nanofluid past a rotating stretching sheet”, Applied 
Mathematics, vol.6, pp.547-567, 2015. 
Advances in Physics Theories and Applications                                                                                                  www.iiste.org 
ISSN 2224-719X (Paper) ISSN 2225-0638 (Online) 
Vol.68, 2017         
 
16 
 
[6] N.Sandeep and V.Sugunamma, “Radiation and inclined magnetic field effects on unsteady MHD convective 
flow past an impulsively moving vertical plate in a porous media”, Journal of Applied and Fluid Mechanics, 
vol.7, No.2, pp.275-286, 2014.   
[7] Gopi Chand and R.N. Jat, “Viscous dissipation and radiation effects on MHD flow and heat transfer over an 
unsteady stretching surface in a porous medium”, vol.3, No.3, pp.266-272, 2014. 
[8] Z.Iqbal, M.Qasim, M.Awais, T.Hayat and S.Asghar, “Stagnation-point flow an exponentially stretching sheet 
in the presence of viscous dissipation and thermal radiation”, Journal of Aerospace engineering, vol.29, No.2, 
pp.1-6, 2016. 
[9] K.C.Saha and M.A.Samad, “Effect of viscous dissipation on MHD free convection flow heat and mass transfer 
of non-newtonian fluids along a continuously moving stretching sheet”, Research journal of Applied science, 
Engineering and Technology, vol.9, No.12, pp.1058-1073, 2015. 
[10] A.M. Megahed, “Effect of slip velocity on Casson thin film flow and heat transfer due to unsteady stretching 
sheet in presence of variable heat flux and viscous dissipation”, Appl.Math.Mech.-Engl.Ed., vol.36,No.10, 
pp.1273-1284, 2015. 
[11] M.Subhas Abel and gousia Begaum, “Heat transfer in MHD viscoelastic fluid flow on stretching sheet with 
heat source/sink, viscous dissipation, stress work and radiation for the case of large prandtl number”, 
Chemical Engineering Communications,vol.195, pp.1503-1523, 2008. 
[12] S.Srinivas, A.Subramanyam Reddy, T.R.Ramamohan and Anant Kant Shukla, “Thermal-diffusion and 
diffusion-thermo effects on MHD flow of viscous fluid between expanding or contracting rotating porous 
disks with viscous dissipation”,Journal of the Egyptian Mathematical  Society, vol.24, pp.100-107, 2016. 
[13] K.Das, P.M.Patil and P.S.Kulkani, “Influence of chemical reaction and viscous dissipation on MHD mixed 
convection flow”, Journal of Mechanical Science and Technology, vol.28, No.5, pp.5089-5094, 2014. 
[14] G.Makanda, S.Shaw and P.Sibanda, “Effects of radiation on MHD free convection of a Casson fluid from a 
horizontal circular cylinder with partial slip in non-Darcy porous medium with viscous dissipation”, DOI 
10.1186/s13661-015-0333-5 RESEARCH Open Access, 2015. 
[15] T.Hayat, S.Asad and A.Alsaedi, “Flow of variable thermal conductivity fluid due to inclined stretching 
cylinder with viscous dissipation and thermal radiation”, Applied Mathematics and Mechanics-English 
edition, vol.35, No.6, pp.717-728, 2014. 
[16] N.Sandeep, A.Vijaya Bhaskar Reddy and V.Sugunamma, “Effects of radiation and chemical reaction on 
transient MHD free convective flow over a vertical plate through porous media”, Chemical and process 
engineering research, vol.2, pp.1-9, 2012.  
[17] S.Siva Reddy and R.Srinivasa Raju, “Transient MHD free convective flow past an infinite vertical plate 
embedded in a porous medium with viscous dissipation”, Meccanica Springer Science Business media 
Dordrecht, 2015. 
[18] N.Loussifa and Jamel Orfic, “Slip flow heat transfer in micro-tubes with viscous dissipation”, vol.53, 
pp.1263-1274, 2015. 
[19] P. Mohankrishna, V.Sugunamma and N.Sandeep, “Radiation and magneticfield effects on unsteady natural 
convection flow of a nanofluid past an infinite vertical plate with heat source”, Chemical and process 
engineering research, vol.25, pp.39-52, 2014. 
[20] A.Chamka and C.Issa, “Effects of heat generation/absorption and thermophoresis on hydromagnetic flow with 
heat and mass transfer over a flat surface”, Internationa Journal of Number Methods Heat Fluid Flow, vol.10, 
No.4, pp.432-448, 2000.  
 
